A series of carbamate derivatives of Hoechst 33258 was prepared as potential anticancer agents. These new compounds (1-4) were readily prepared in good yields by addition of chloroethyl, bromoethyl, chloropropyl or 4-(chloromethyl)phenyl isocyanates to Hoechst 33258. Their cytotoxic activity was evaluated on human breast cancer MCF-7. Compounds 1-4 were more cytotoxic than Hoechst 33258. In particular derivative 4, the most active of the series, is up to 3 times more potent than Hoechst 33258. The DNA-binding ability of these compounds was evaluated by an ultrafiltration method using calf thymus DNA. These data show that in broad terms the cytotoxic potency of 1-4 in cultured breast cancer MCF-7 cells increases, in accord with their increases in DNA affinity, as shown by the binding constant values.
Hoechst 33258, distamycin, and netropsin are among a number of compounds that bind in the minor groove of DNA and exhibit various degree of antitumour activity. 1, 2) Several high resolution crystal and NMR structures have been determined for these ligands bound to short oligonucleotides and provide valuable insights into the details of their interaction. 3, 4) The Hoechst 33258 is bound in the minor groove, with the planar benzimidazole groups oriented parallel to the groove direction and each inner-facing nitrogen atom hydrogen bonding in a bifurcated manner to a pair of adjacent hydrogen bond donors on the edge of the AT base pairs of DNA. 3, 4) The structure of the bound drug shows that the bulky piperazine ring is located in a GC region, with the minor groove observed to be wider at this sequence.
3) The spectroscopic characteristics of Hoechst 33258 family of ligands have brought them into wide use as DNA fluorophores, 5) but several have also shown potent activity against a number of microorganisms that lead to AIDS-related opportunistic infections, 6) as well as exhibiting cytotoxic activity. [7] [8] [9] [10] In the course of our investigations of minor groove binding drugs, we reported a cytotoxicity and DNA-binding ability of carbamate derivatives of Hoechst 33258 with chloroalkyl and bromoalkyl moieties (Fig. 1) .
CHEMISTRY
Melting points were determined on Buchi 535 meltingpoint apparatus and were uncorrected. Analyses were performed on a Perkin Elmer 2400 analyser. 
MCF-7 Cultures
Breast cancer MCF-7 cells were maintained in DMEM supplemented with 10% FBS, 50 mg/ml penicillin, 50 mg/ml streptomycin at 37°C in a 5% CO 2 incubator. Cells were cultured in Costar flasks and subconfluent cells were detached with 0.05% trypsin, 0.02% EDTA in calcium-free phosphate-buffered saline, counted in hemocytometers and inoculated at 5ϫ10 5 cells per well of six-well plates (Nunc, Wiesbaden, Germany) in 2 ml of growth medium. Cells reached about 80% of confluence at day 3 after inoculation and in most cases such cells were used for the assays.
Cytotoxic Assay To examine the effect of studied drugs on MCF-7 proliferation, the cells were seeded in 24 well tissue culture dishes at 1ϫ10 5 cells/well with 1 ml of growth medium. After 48 h (1.8Ϯ0.1ϫ10 5 cells/well) plates were incubated with varying concentrations of compounds 1-4 and Hoechst 33258 and 0.5 mCi of [ 3 H]thymidine for 24 h at 37°C. Cells were rinsed 3 times with PBS, solubilized with 1 ml of 0.1 M sodium hydroxide containing 1% sodium dodecyl sulfate (SDS), scintillation fluid (9 ml) was added and radioactivity incorporation into DNA was measured in scintillation counter.
Cell Viability Assay The assay was performed according to the method of Carmichael using 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT).
11) Confluent cells, cultured for 48 h with various concentrations of studied compounds in 6-well plates were washed three times with PBS and then incubated for 4 h in 1 ml of MTT solution (0.5 mg/ml of PBS) at 37°C in 5% CO 2 in an incubator. The medium was removed and 1 ml of 0.1 M HCl in absolute isopropanol was added to attached cells. Absorbance of converted dye in living cells was measured at a wavelength of 570 nm. Cell viability of breast cancer MCF-7 cells cultured in the presence of ligands was calculated as a per cent of control cells.
Statistical Analysis In all experiments, the mean values for six independent experiments Ϯ standard deviations (S.D.) were calculated, unless otherwise indicated. The results were submitted to statistical analysis using Students t-test, accepting pϽ0.05, as significant.
RESULTS AND DISCUSSION
In this study we describe the synthesis of Hoechst 33258 derivatives appropriately modified with linkers that allow covalent attachment to DNA sequences. These new compounds 1-4 were prepared in good yields by addition of chloroethyl, bromoethyl, chloropropyl or 4-(chloromethyl)phenyl isocyanates to Hoechst 33258. The phenolate group attacked the isocyanates under basic conditions, leaving intact the benzimidazole rings even under excess of isocyanate reagent. The chemical structures of the synthesized compounds were confirmed by means their elemental analysis, 1 H-and 13 C-NMR.
It is widely accepted that Hoechst 33258 derivatives are minor groove binders. 3, 4) Although various factors are known to be responsible for minor groove binding, their importance can vary from ligand to ligand and no simple rules have emerged yet. Moreover, the dependence of binding specificity of particular ligands on length, sequence composition and flanking regions of the AT tract is widely unexplored. The DNA-binding ability of 1-4 and Hoechst 33258 was evaluated by the ultrafiltration method using calf thymus DNA. [12] [13] [14] The binding constants K a and number of sites per nucleotide n were estimated from Scatchard plots using the classical Scatchard equation for independent binding sites without cooperativity.
15) The ultrafiltration assay using calf thymus DNA showed that the DNA-binding ability of compounds 1-4 was similar to that of Hoechst 33258 (Table 1) . DNA-binding studies indicated that 4 exhibits the highest affinity for DNA. The order of DNA-binding under the ultrafiltration assay conditions of the test compounds is 4Ͼ 3ϾHoechst 33258Ͼ1Ͼ2. As can be seen from the Table 1 We studied the effect of carbamates 1-4 and Hoechst 33258 on DNA synthesis in cultured breast cancer MCF-7 cells (Fig. 2) . The IC 50 of compounds 1, 2, 3 and 4 for DNA synthesis was found to be 45, 35, 25 and 20 mM respectively, suggesting higher cytotoxic potency compared to Hoechst 53228 (IC 50 ϭ55 mM). Cell viability was measured by the method of Carmichael using tetrazolium salt.
11) The carbamate 1 appears to have only marginally elevated cytotoxicity with respect to the parent compound, Hoechst 33258 ( Table  2) . The compound 2, a bromine derivative, demonstrated somewhat greater cytotoxicity than 1, and like 3 displayed a trend to increased cytotoxicity compared with the parent compound ( Table 2 ). The carbamate 4 demonstrated a significantly increased cytotoxicity with respect to Hoechst 33258. As can be seen 4 at the concentration of 75 mM produced about a 65% reduction in cell viability in breast cancer MCF-7 cells. These data show that in broad terms the cytotoxic potency of 1-4 in cultured breast cancer MCF-7 cells increases in accord with their increases in DNA affinity, as shown by the binding constant values (Table 1) . This activity may be related to the ability of these compounds to inhibit transcription, especially at AT-rich sequences. The parent compound Hoechst 33258 has been reported to act at the cellular level by poisoning the enzymes DNA topoisomerases I, or possibly by stabilizing the cleavable complexes formed by DNA and DNA topoisomerases I and II, which would result in cytotoxic DNA strand cleavage. [16] [17] [18] This suggests that DNA-binding may be implicated in the cytotoxicity of 1-4, possibly by inhibiting interactions between cellular proteins and their DNA targets. Further studies of structure-activity a) The UV-absorption was measured at l max ϭ341 nm after 5 dilution with 1.0 buffer. b) DNA binding ability (%)ϭ(1ϪAbs DNAϩ /Abs DNAϪ )ϫ100. relationships in this series, and preparation of related compounds are now in progress.
